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IONTOPHORETIC FLUID DELIVERY DEVICE 

TECHNICAL FIELD 
[0001] The present invention relates to apparatus and methods for delivering drugs 
or other beneficial agents. More specifically, the present invention relates to iontophoretic 
electrotransport devices and methods of their use in delivering treatment to a body. 

BACKGROUND 

[0002] Iontophoretic transport of drug or biological treatments is well known, and 
is commonly used as one way to transport such treatments across a surface and into a body. 
Many iontophoretic devices have been developed, as witnessed by the quantity of issued 
patents and pending applications mentioning such phenomena. A representative such 
application, titled "Rate adjustable drug delivery system" filed by Birch Point Medical, Inc., 
was published July 12, 2001 as international publication No. WO 01/49365 Al . The '49365 
application is hereby incorporated by this reference as though set forth in full herein. 

[0003] Existing iontophoretic devices may generally be classified into two groups 
based upon their electromotive source. The first such group may be characterized as 
disposable, and are driven by a galvanic or electro-chemical reaction encompassing 
electrodes bathed in an electrolyte carrying the treatment ions and offering a relatively low 
voltage. Such devices inherently require long treatment time intervals. Such devices are also 
generally constructed to be inexpensive, used once, and then thrown away. The second type 
of iontophoretic device typically is driven by an auxiliary power module. While treatment 
time requirements for devices having auxiliary power modules are generally reduced, the 
power modules are expensive, and so typically must be reused. 

[0004] A representative disposable device, generally indicated at 30 in FIG. 1, can 
be constructed on an adhesive strip 33. Cationic chamber 35 and anionic chamber 37 are 
formed in the adhesive strip 33 to create separated volumes in which to house cationic and 
anionic treatment materials, respectively. An electrolytic cell created by a chemical reaction 
between the cationic and anionic electrodes in an electrolyte provides the electromotive force 
to operate the device for ion transfer to a patient. A first electrode 39 installed in the cationic 



chamber and a second electrode 41 installed in the anionic chamber are connected by a 
conductor 43 to form an electron transporting leg of an electric circuit. Application of the 
adhesive strip to a human body completes the circuit, and initiates a flow of treatment ions 
through the patient's skin. 

[0005] An electrode 39 may be formed from zinc, with an electrode 41 being made 
from silver chloride. The electrolyte contained in the cationic chamber 35 and anionic 
chamber 37 directly contacts the skin to be treated, and necessarily is limited in reactivity to 
avoid skin irritation. Conductive salt solutions (such as 1% NaCl) commonly are employed 
as electrolytes due to their compatibility with a patient's skin. A device 30, as described, will 
generate an electromotive force for ion transfer totalling about 1 Volt. In use of a device 30, 
there is some possibility that a desired treatment chemical may undesirably interact with the 
electrolyte, electrode, or a product of the galvanic reaction, thereby compromising a 
treatment. 

[0006] An alternative construction of a disposable type device is generally indicated 
at 50 in FIG. 2. As a way to increase the voltage between the cationic chamber 35 and 
anionic chamber 37, a plurality of galvanic cells may be arranged in electrical series on an 
adhesive strip 33. Two such cells are illustrated in the embodiment 50. A first electrode 39 
in the cationic chamber 35 is connected in series to electrode 53 in cell 55. Electrode 57, 
also housed in cell 55, is then connected in series to electrode 59 in cationic chamber 37. 
Such a two cell arrangement can effectively double the voltage generated by the device, and 
can therefore reduce a length of treatment time required. Additional cells may be added in 
series, however, the adhesive strip 33 rapidly becomes crowded, thereby limiting the 
practical range in electromotive force for a device 30. 

[0007] FIG. 3 illustrates an exploded cross-section view through a device 30. As 
illustrated, the cationic chamber 35 and anionic chamber 37 typically are open toward the 
patient. Some sort of substrate 59 typically is provided as a receptor to hold the treatment 
chemicals (beneficial agent) or electrolyte in a chamber prior to installation of adhesive strip 
33 onto a patient. Substrates 59 typically are made from gauze, cellulose, cotton, or other 
hydrophilic material. It is common practice to saturate the substrates 59 just prior to 



attaching an adhesive strip 33 to a patient for a treatment session. Substrates 59 may be 
loaded with treatment substances using a syringe or any other convenient transfer implement. 

[0008] A representative device driven by a reusable auxiliary power module is 
illustrated generally at 60 in FIG. 4. A power module 63 typically houses sophisticated 
electronics, and is relatively expensive (power modules are generally not regarded as single 
use, disposable items). Power module 63 may provide a substantial voltage to cause ion 
migration through a body. Applied voltages may reach perhaps 90 Volts, although perhaps 
for only a very short period of time to initiate ion transfer. Depending upon the skin contact 
area for ion transfer from a treatment chamber and the composition of the beneficial agent, 
a patient may perceive a burning sensation under an applied voltage of only 30 volts. Power 
modules may be attached directly to an adhesive strip 33, as illustrated, but are more 
commonly connected in-circuit between the cationic chamber 35 and anionic chamber 37 
using wires, or extension leads 65, to permit some degree of motion for a patient undergoing 
a treatment. 

[0009] The electronics portion of a power module 63 may be constructed to generate 
a range of voltages, hold a voltage substantially constant for a period of time, or cause a 
programmable range in voltage over a period of time. Similar modulation may be made by 
a power module 63 to a current flowing in the circuit. However, power modules 63 represent 
an expense and may cause inconvenience in that operators may require special expertise to 
properly configure the module for a particular treatment. 

[0010] A patient would benefit from a simple, disposable, iontophoretic device 
capable of higher voltage and more sustained current transmission than commercially 
available disposable devices, but being less costly than devices requiring an electronic 
module. An improvement in current transmission to minimize a polarization effect in 
commercially available disposable devices would also be an advance. A disposable 
iontophoretic device having a treatment time operably controlled by the working life of a 
disposable power source having a square-wave current flow would be an additional advance. 



SUMMARY OF THE INVENTION 

[0011] The invention provides an apparatus and method for delivering a treatment 
to a body by way of an iontophoretic transport procedure. A device constructed according 
to principals of the instant invention provides a low cost, disposable, single use, fast and 
accurate, iontophoretic fluid delivery device for external or implantable use. A body may 
be construed specifically as a mammalian (e.g., human or animal) body, or alternatively and 
generally, as a container of an electrolyte. A treatment to be applied to a body by the instant 
device and method may be either cationic-based, or anionic-based. 

[0012] An iontophoretic fluid delivery device within contemplation typically includes 
a cationic chamber, an anionic chamber, and an electromotive force to promote ion exchange 
between a body and one or both of the chambers. The cationic and anionic chambers define 
separate volumes in which are held cationic and anionic substances, respectively. A wall of 
each chamber provides a passageway, or opening, through which ions may migrate. The 
passageways are generally oriented and arranged on a surface of a container to enable 
creation of a first conductive path, through a cooperating body, of an electrical circuit 
between the cationic and anionic chambers. 

[0013] Treatment materials may be loaded, by syringe or other transfer mechanism, 
onto a substrate housed within a chamber. Substrates desirably may be configured to reduce 
polarization of the treatment materials and an attendant drop in reaction rate. One such 
configuration includes an electrically conductive substrate affixed to a wall of one of the 
chambers. A workable such substrate may have a surface area, for electron transfer, sized 
substantially in correspondence with an opening of an ion transfer passageway. An alternate 
substrate may be formed as an electrically conductive gauze. The conductive gauze may be 
dispersed substantially throughout the volume of the chamber. A hydrogel substance 
operable as an electrolyte can be disposed, substantially as a pre-loaded item, in one or both 
of the cationic or anionic chambers. Such a pre-loaded hydrogel can reduce preparation time 
of a treatment by requiring only the treatment to be introduced, and only to a single chamber 
of the container. 



[0014] Devices operable primarily as anionic treatment devices maybe made to have 
a color, texture, shape, or size to differentiate them from a cationic treatment device. 
Furthermore, individual chambers housed by a container may be made to have different sizes 
or shapes to facilitate identification and loading of treatment materials into the correct 
chamber. 

[0015] One exemplary container can be embodied as an adhesive strip or patch. 
Alternatively, the container may be a cartridge, carton, or tube for insertion into a body. 
Devices adapted for insertion into a body, or adapted for storage in preloaded form, may 
include semipermeable membranes disposed as passageway coverings to contain treatment 
substances within separate chambers prior to use of a container during a therapeutic 
treatment. 

[0016] The electromotive force required to operate the device desirably is supplied 
by an electromotive cell (such as a self-contained mini battery), located in a second 
electrically conductive path configured to complete the electrical circuit between the cationic 
and anionic chambers. Preferred cells will have an approximately square-wave current 
discharge over their working life. Serviceable electromotive cells may be constructed 
containing electro-chemically reactive matter in an amount operable to control a length in 
time of the cell's working life. Furthermore, the operable or working life of the electromotive 
cell desirably is set to be in harmony with the desired treatment time, and can therefore be 
used as a measurement control to resist over treating of a patient. The working life of 
battery may be determined or manipulated by circuit elements such as a shunting resistor in 
a circuit parallel to an ion conducting path. Electromotive cells within contemplation 
nonexclusively include mini batteries constructed to operate with a metal-anode based 
electro-chemical reaction using lithium, zinc, magnesium, or aluminum. Such self-contained 
mini batteries can be made rugged to withstand incidental abuse without incurring sufficient 
damage to suffer a leak of their contents. Such batteries may also be made in a thin and 
flexible form to reduce container bulk. 

[0017] Certain preferred iontophoretic devices may use one or more electromotive 
cells, as required, e.g. to control a length of time for, or rate of, delivery of a quantity of a 



treatment ion to a body. Such cells may be located partially or completely inside either one 
or both chambers, or attached to the container in some convenient location. In addition to 
providing treatment control through their inherent operating life, cells may be arranged in 
series to provide an increased voltage over a single cell. The increased voltage may permit 
a reduction in a time of treatment application. 

[0018] A cell located partially, or totally, within a chamber generally includes a fluid 
resistant barrier to isolate an electrolytic path between the cell's positive and negative poles. 
In such case, a portion of either a positive or a negative pole may be exposed for electron 
transfer directly to an electrolyte. The cell housing may optionally be formed from, or coated 
with, a noble or inert metal to avoid its undergoing an undesirable chemical reaction with 
treatment chemicals. Alternatively, an inert metal may be placed, as an electron interface for 
the electro-chemical reaction, in-circuit between an exterior cell and interior treatment 
chemicals. 

[0019] One embodiment of the instant invention includes a first electromotive cell 
disposed interior to the cationic chamber. The first cell has an electrolyte barrier exposing 
only a portion of its negative pole. A second cell, in electrical series with the first cell, may 
be included interior to the anionic chamber. The second cell also has an electrolyte barrier, 
but exposing a portion of its positive pole. A conductive path between the two cells is 
generally sealed to resist transmission of electrolyte from or between the chambers. The 
invention may alternatively include a single electromotive cell, located in either of the 
chambers, as desired and practical. In another arrangement, the single electromotive cell may 
be affixed to container structure separate from both chambers. An embodiment may have 
electromotive cells located in each chamber, and with one or more additional cells located 
exterior the chambers and attached to structure of the container. An arrangement of subcells 
adjacently stacked in electrical series may be regarded as single electromotive cell for 
purpose of packaging in a chamber, or on a container. 

[0020] Additional circuit components may be included in the second conductive path 
to increase treatment options and efficacy. As a non-limiting example, an oscillator element 
can be disposed in-circuit in the second conductive path and operate to control a current flow 



between high and low values. A switch placed in the second path may be used to start and 
stop treatments at controlled intervals. 

[0021] One method of using the instant device, for iontophoretic treatment of a 
patient, includes the steps of: a) providing an iontophoretic fluid delivery device having a 
cationic chamber and an anionic chamber, one of the chambers containing a hydrogel; b) 
adding a fluid only to one of the chambers to form an electrolyte treatment; and c) affixing 
the device to a surface of a patient's body for a duration of time as required to transfer a 
desired quantity of treatment to the patient. 

[0022] These features, advantages, and alternative aspects of the present invention 
will be apparent to those skilled in the art from a consideration of the following detailed 
description taken in combination with the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0023] In the drawings, which illustrate what are currently considered to be the best 
modes for carrying out the invention: 

[0024] FIG. 1 is a top view of a first prior art iontophoretic device. 

[0025] FIG. 2 is a top view of a second prior art iontophoretic device. 

[0026] FIG. 3 is an exploded side view, in section, of the prior art device depicted 
in FIG. 1. ^ 

[0027] FIG. 4 is a top view of a third prior art iontophoretic device. 
[0028] FIG. 5 illustrates current rate^^aQteristicsof certain.iontophoretic>devices. 
[0029] FIG. 6 is a top view of an iontophoretic device according to the instant 
invention. 

[0030] FIG. 7 is an exploded side view of the device illustrated in FIG. 6. 
[0031] FIG. 8 is an electric schematic of an iontophoretic circuit. 
[0032] FIG. 9 is a top view of^tTalte ^^ invention. 
[0033] FIG. 10 is a plan view in section of an implantable embodiment of the 
invention. 
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[0034] FIG. 1 1 is a plot illustrating cumulative delivery from a device constructed 
according to the invention compared to a prior art device. 

[0035] FIG. 1 3 is a plot of voltage between cationic and anionic chambers during the 
test illustrated in FIG. 12. — ^ 

[0036] FIG. 14 is an exploded view in perspective^ofanot^ of y the 
invention. 




DETAILED DESCRIPTION OF THE INVENTION 
[0037] Reference will now be made to the drawings in which the various elements 
of the invention will be given numerical designations and in which the invention will be 
discussed so as to enable one skilled in the art to make and use the invention. It is to be 
understood that the following description is only exemplary of the principles of the present 
invention, and should not be viewed as narrowing the claims which follow. 

[0038] A plot of current discharge or voltage verses time is presented in FIG. 5, with 
the horizontal axis a time scale, and the vertical axis showing either a current flow or 
available voltage. Trace line 70 is representative of a current profile obtainable in a 
commercially available and disposable galvanic cell device, such as device 30. Trace line 
70 shows a reduced current flow over time due to polarization of electrolyte in the areas 
surrounding the electrodes, and a corresponding reduced rate of chemical reaction. Trace 
lines 71-73 are achievable in mini batteries, with the current, or voltage, fall-off occurring 
when one, or both, reactant is substantially spent in the chemical reaction. 

[0039] Traces 7 1 -73 illustrate desired current profiles of electromotive cells, such as 
mini batteries, characterizable as having a substantially "square-wave" over their working 
life, assuming a sustainable (sufficiently slow) current flow. The working life time of such 
a mini battery may be controlled to have a desired length by providing only a measured 
amount of one or more reactant chemicals. The operational life of a mini battery may be set 
to last 20 seconds, 20 minutes, or multiple hours, simply by controlling the quantity of 
reactive components in the battery. For example, a battery with the characteristics indicated 
by trace line 73 may be assembled having about twice as much reactant compared to a battery 



with the characteristics indicated by trace line 72. A treatment interval may therefore 
conveniently be determined by the life of a battery. Of course, a treatment time may simply 
be established by operation by a patient, or by a health care practitioner, of a switch to start 
and stop a flow of current through the device. Total treatment dose may alternatively also 
be limited by loading a device with a controlled amount of the ion medicament. 

[0040] As indicated by traces 7 1 -73 in FIG. 5, a mini battery also may be constructed 
to produce a higher voltage than a typical disposable galvanic cell contained in a device 30. 
A desired voltage may be created by combining oxidizing and reducing agents having 
sufficient galvanic activity. A battery having the characteristics indicated by trace line 71 
would have constituent components with lower combined reactivity than a battery having the 
characteristics indicated by trace lines 72 and 73. Batteries may also be arranged in electrical 
series to boost a voltage supplied by a composite cell, effectively forming a more powerful 
battery. Such a higher voltage may beneficially establish a flow of ions, and cause the ions 
to migrate at an increased rate to reduce a treatment time requirement. A treatment interval 
may also be determined, in part, by the voltage of a battery, or effective battery. 

[0041] Mini batteries may be manufactured having rugged housings to withstand 
incidental, or even significant, abuse without incurring sufficient damage to suffer a leak of 
their contents. For purpose of this disclosure, a battery housing is understood to be rugged 
if the housing is capable of transferring tissue damaging loads to a patient while avoiding a 
content leaking rupture. A mini battery having a paper housing, for example, would be 
susceptible to developing a leak which could harm a patient. 

[0042] A familiar example for a rugged mini battery type is a button-type battery, 
which is typically housed in a metal canister resembling a button. Such batteries are 
commonly employed as power sources for wrist watches. A patient wearing an iontophoretic 
device incorporating such type of rugged battery would be seriously injured before such a 
metal button battery would leak due to an object contacting the battery. The rugged housing 
permits safe use of more reactive materials, such as Lithium, Sodium Hydroxide, and 
Potassium Hydroxide, with correspondingly higher voltage battery outputs than galvanic 
reactions using low-concentration electrolyte matched to a human body. Mini batteries are 
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low cost devices, and are available having voltages between about one (1) Volt and about 
fifteen (15) Volts. The increased voltage provided by a mini battery permits a reduced 
treatment time in a disposable, single use, iontophoretic device. Rugged mini batteries may 
also be made in a thin and/or flexible form to reduce bulk of a treatment device. A desirable 
mini battery for use in the instant invention may be constructed to operate with various 
metal-anode based electro-chemical reactions. Such an anode metal may include Lithium, 
Zinc, Magnesium, and Aluminum. 

[0043] Certain embodiments of the present invention differ from the prior art by 
providing an electromotive force, to drive ion migration, in a self-contained disposable 
package. A self-contained package may be regarded as providing an electromotive source 
having a positive pole and a negative pole defined within a single housing. Chemically 
reactive materials to create a voltage between the positive and negative poles are included 
inside that housing during manufacture of the electromotive source. The housing is sealed 
to enclose all of the reactive elements required for electron production. No additional 
materials, such as electrolyte, must be added subsequent to manufacture of the electromotive 
source before the source can be used in an electric circuit. Such package structure 
differentiates over structure of an electromotive source formed by galvanic coupling between 
a plurality of chambers, such as found in commercially available and disposable 
iontophoretic devices. A suitable self-contained package to provide such electromotive force 
can be embodied as a mini battery, including button-cell type mini batteries. Such a mini 
battery may be the sole electromotive source, or may augment a conventional distributed 
galvanic reaction arrangement, of a disposable iontophoretic device. 

[0044] One embodiment of the present invention is illustrated, generally at 80, in 
FIG. 6. A container 84 spaces apart euc^^^d^^^^and a^aniohic ch^ b^&§>The 
chambers are spaced apart to enable creation, with a cooperating body, of an ion conducting 
path of an electric circuit. The ion conducting path portion of the electric circuit transports 
the treatment ions into the body. 

[0045] The container 84 may be sized in correspondence with an area of a patient to 
be treated. For example, local cosmetic treatment of dark areas under a patient's eyes 
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requires a container sized to attach to a small area. General treatment of a human body with 
drugs, such as lidocaine, may better be accomplished using the larger surface area available 
on a patient's shoulder, arm, or area of a torso. Containers 84 may advantageously be formed 
from a flat and flexible adhesive strip to conform and adhere to a body surface. Containers 
may also be made in the form of a cartridge, capsule, or tube, for insertion into a body 
volume. 



[0046] With continued reference to FIG. 6, a first electromotive cell 102 is located 
in the cationic chamber 86 of device 80. X^eco^ele^ in the 



anionic chamber 88. Cells 1 02 and 1 04 may be partially or completely inside the respective 
chambers. It is further within contemplation for a device according to the present invention 
to have a single mini battery, which may be located in either of chambers 86 or 88, or simply 
attached to a container 84. Optional circuit elements 110, nonexclusively including an 
oscillator, a switch, a resistor, a capacitor, and the like, may be present in certain 
embodiments. If present, such components 110 typically are located in an electron 
conducting path 1 12 between the cationic chamber 86 and the anionic chamber 88. 



[00471/ A fluid barrier/is created on each electromotive cell in illustrated embodiment 



80 to prevent a circuit being formed, by electrolyte in a chamber, and jgrrying cur rent 
betweent^ Such a current would detrimentally 

drain the cell and impede operation of a treatment device 80. One way to create a workable 



s fluMt^^ a pahiojF mini batteries ^volve s placing the ba tteries in&dj£) One battery 
is placed with its negativ^obu pwards , and the other battery is placed in the die having its 
positive pole upwards. The spacing between the ha tteriesjn flie die should be sufficient to 



permit lo cation of the batteri es as desired in a container 84. A^cori^uctor 112 may be 



attached between both of the upward facing poles, or both of thedownward~facing p 0 i es? by 
spot welding, or using a conductive adhesive. A preferably'inerf^ 



as an epoxy, plastic, rubber, urethane, or a silicone based product, is then applied to portions 
of the conductor and mini batteries to form the electrolyte barrier. The barrier forming 
material may be painted on, sprayed on, or injected into the die. A portion of one pole of 
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each battery is left uncovered by the electrolyte barrier so that one positive pole and one 
negative pole are exposed for connection in an electric circuit. 

[0048] Additional details of construction of a representative device 80 are illustrated 
in FIG. 7. Structure of container 84 spaces apart cationic chamber 86 and anionic chamber 
88. Cationic chamber 86 defines a volume 120 in which may be received a mini battery 102, 
a portion of conductor 112, and a substrate 125. A passageway 127, formed through a wall 
of chamber 86, provides a path for ion migration toward or away from the chamber 86. In 
certain embodiments, an optional semiporous membrane covering 129 maybe included to 
provide a retainer for treatment substances in the chamber 86. Such a covering 129 will be 
sufficiently permeable to permit ion migration, but desirably will resist fluid flow from the 
chamber. A chamber covering 129 may be used to enable preloading of medicant into a 
stored device, or in the case where a device is inserted, or placed into, a body. 

[0049] Still with reference to FIG. 7, anionic chamber 88 defines a volume 130 in 
which maybe received a mini battery 104, a portion of conductor 112, and a substrate 135. 
A passageway 137, formed through a wall of chamber 88, provides a path for ion migration 
toward or away from the chamber 88. In certain embodiments, an optional semiporous 
membrane covering 139 may be included to provide a retainer for treatment fluids, such as 
drugs, in the chamber 88, while permitting ion migration through the passageway 137. A 
device 80 may be attached to a surface of a cooperating body to complete an electric circuit 
through the body, represented by conductor 142 and resistor R. For purpose of this 
disclosure, a cooperating body is intended to encompass any structure capable of completing 
an electric circuit by forming a physical contact spanning between the passageways 127 and 
137 to form an ion transporting leg of the circuit. Serviceable bodies include human and 
animal bodies and other structures which may be considered, in a general sense, to act as 
containers of electrolyte. 

[0050] The cationic chamber 86 and anionic chamber 88 typically are formed to 
define relatively wide and shallow volumes. Passageways 127 and 137 desirably are large 
to provide a correspondingly large contact area over which ions may migrate into a body. 
The chamber volumes are generally shallow to minimize a distance, in a depth direction, ions 
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must travel before entering a body. However, polarization of the electrolyte near conducting 
terminals commonly occurs, and is the source of current reduction depicted by trace 70 in 
FIG. 5. One way to decrease the polarization effect is to form substrates 125 and 135 to 
include conductive elements arranged to better distribute electrons though the chamber 
volume. In any case, a distributed current transmission is desirable in both types of 
iontophoretic devices. A desirable distribution may limit an effective sustained current 
density over a treatment area to less than about 0.5 mA/cm 2 to reduce the chance of a patient 
experiencing skin irritation during a treatment. 

[0051] Substrates 125 and 135 may include conductive material affixed to a wall area 
of one or both chambers. Such conductive material may be painted, sprayed, or otherwise 
affixed to a portion of, or on the entire inside surface of, a chamber. Desirably, such 
conductive material will encompass an area opposite, and sized in agreement with, a passage 
opening 127 or 137. Alternatively, a substrate 125 or 135 maybe formed from a conductive 
material and distributed through a volume 1 20 or 1 3 0. A workable distributed substrate may 
be formed by impregnating a conventional substrate, such as a gauze, with a conductive 
substance, such as a metal powder. A substrate also may be made from a metal or 
metal/polymer composite. 

[0052] FIG. 8 illustrates an electric schematic of an iontophoretic reaction process. 
Resistances to current flow in such a circuit include R b , for resistance through the battery, R g , 
for resistance through the gauze or from a terminal to an electrolyte, and R^, representing skin 
resistance of a body. Polarization of the constituent chemicals in a conventional disposable 
galvanically driven iontophoretic reaction tends to increase a value for R g , and decrease a 
transmitted current. Distributing a surface for electron transfer through a volume of a 
chamber tends to counter onset of such polarization. The benefit to a patient undergoing a 
treatment with improved electron distribution is an increased and consistent ion delivery rate, 
permitting a reduced treatment time interval. 

[0053] It is desirable for conductors 112, and exposed portions of electromotive cells 
to not detrimentally react with treatment chemicals in a chamber 86 or 88. A detrimental 
reaction would decrease efficacy of the treatment, or may form a caustic or noxious 



14 



substance which might irritate a patient's skin. One way to resist such undesired chemical 
interaction is to provide a mini battery or electromotive cell with an inert housing, or coating. 
An exposed electron exchange surface portion may be made from, or coated with, a 
chemically inert conductor or noble conductive material. For purpose of this disclosure, a 
noble conductor can be defined as a material serviceable to conduct electrons, but otherwise 
generally nonparticipatory in a chemical reaction with substances in which it is immersed or 
contacting. Examples of such noble conductive materials non-exclusively include 
molybdenum, gold, silver, carbon, titanium, and tantalum. As an additional precaution, a 
battery may be located external to a chamber, and electrically connected to a noble conductor 
located inside a chamber for electron exchange. 

[0054] Iontophoretic devices according to the instant invention, such as indicated 
generally at 150 in FIG. 9, may be constructed having a different size or shape between 
cationic and anionic chambers. The shape, color, texture or some other discernable 
characteristic of container 153 may also be used as an indicator of the device's use for 
cationic or anionic treatments. For example, a red container 1 53 may signify that the device 
1 50 is for use to dispense anionic-based treatments. A yellow container 153 may signify that 
the device 1 50 is adapted to dispense cationic-based treatments. For convenience, a chamber 
155 may be preloaded for storage with a hydrogel capable of acting as an electrolyte. A 
treatment drug then need only be loaded into chamber 1 57 prior to placing the container 1 53 
onto a body. The shape and/or size difference between chambers 155 and 157 can assist in 
loading the treatment into the correct chamber to establish treatment ion migration directed 
toward the body. Of course, an exposed, or electrolytically connectable, pole of each of 
batteries 1 6 1 and 1 62 will have an appropriate electrical sign, depending on the construction 
and desired purpose of the device 150 as either a cationic or anionic beneficial agent 
dispensing device. 

[0055] One embodiment of an implantable iontophoretic device according to the 
instant invention is illustrated generally at 170 in FIG. 10. In one use, device 170 may be 
surgically implanted into a body to provide a long-term pain treatment. A device 1 70 has an 
electomotive source 172 housed in a container 174. Illustrated container 174 is contracted 
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as a cylinder. A barrier 1 76, adapted to prevent an electrolytic circuitbetween positive and 
negative poles of source 172, is included when the electromotive source 172 includes one 

. ■ 7 r— — . 

or more mini batteries. Barrier 1 76 may be adapted sealingly to slide like a piston inside 
container 174 to accommodate a change in chamber volume due to transfer of ions from a 
chamber containing a beneficial treatment agent. Alternatively, a container can be 
constructed directly to expand or contract and thereby accommodate changes in chamber 
volume. Chamber 1 78 can be a cationic chamber when chamber 1 80 is an anionic chamber. 
Of course, reversing the polarity arrangement of the electromotive source 172 will reverse 
each chamber's role. Some sort of semipermeable cap 182 is provided to cover openings 
from the respective chambers. Suitable caps 182 permit migration of ions in and out of the 
chambers, but otherwise resist unintended leaking of chamber contents. 

[0056] Commercially available mini batteries typically provide a higher capacity, or 
contain more stored energy, than required to dispense a desired ion dose of a beneficial agent. 
A device according to the present invention may be adapted accurately to dispense a 
controlled dose of beneficial treatment by incorporating a suitable circuit arrangement in the 
electron carrying portion of the device's electric circuit. An electric circuit may be arranged 
to direct virtually any portion of an electromotive source's available stored energy, from zero 
to 100 percent, to ion transport. 

[0057] One way to apportion a source's stored energy is illustrated in FIG. 11. A 

shunt resiste^R^jcan be connected in-circuit to form an electron conducting path in parallel 

to the jon conducting path through a body. A representativ g^witc h^ can conveniently be 

closed by loading (afchanA^Njsvith electrolyte and appli cation of a device t o_a body to 
■ " /- — "~~ 

co mplete the c ircuit. As is well known in electric circuit design, the current flow through the 
shunt resister Rp and the body resistance R s will be determined by the relative magnitude of 
the resistance in each path. D^reasingttie valu ejor Rp increas es the current flow through 
the parallel path, and decreases tHecurrent flow th rough the ion conducting path , resulting 
in a lower dispensed beneJicialagent ion dose. A device may therefore be constructed to 
deliver a dose of ion-based treatment corresponding to any portion of a battery's capacity. 
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[0058] The dispensed ion dose will directly correspond to the current flow through 
the ion conducting path. FIGS. 12 and 13 illustrate the performance of a device constructed 
according to the instant invention compared to a comparable device constructed according 
to the teachings of the Birch Point application. The Birch Point device was made by forming 
electrodes from Zn and AgCl. The invention was embodied with a single 1 .5 volt button 
battery rated at 900 mAmp-min. Skin resistance R s was modeled with a 5 k-ohm resister. 
The shunt resister Rp was 500 ohms. Useful shunt resistances may range from 1 ohm to 
about 10,000 ohms, or more. 

[0059] With reference to FIG 12, it maybe seen that the invention delivered a current 
corresponding to an equivalent dose of beneficial agent totalling about 78 mAmp-min in 
about 400 minutes. The Birch Point device required over 850 minutes, or more than twice 
as long, to accomplish the same dose. 

[0060] FIG 13 illustrates the voltage measured between the cationic and anionic 
chambers during the test illustrated in FIG. 12. It may be noted, with reference to FIG. 13, 
that the trace of voltage over time for the invention is not a perfectly "square" square- wave 
shape. That is, the voltage drops over time, instead of remaining relatively constant for about 
the first 375 minutes. The current discharge through both the shunt and skin paths exceeds 
the battery's steady state discharge rate at which battery voltage may remain relatively 
constant. However, the voltage does exhibit a sharp drop as the battery approaches full 
discharge. The battery inherently expends its energy more rapidly and uniformly than the 
electrolytic cell, and does so up to substantially complete exhaustion. Such a characteristic 
is desirable as one way accurately to control a treatment dose. The device according to the 
invention provides a disposable iontophoretic apparatius which is faster in delivering a 
treatment dose and also more precise in termination of the treatment interval. 

[0061] One way to manufacture a device to include a shunt resistance in a parallel 
path between the cationic and anionic chambers is illustrated generally at 190 in FIG. 14. 
Substrates 192 and electrodes 193, 194 are housed in chambers 196 and 197. Chambers 196 
and 197 are formed in container 198, which may beneficially have an adhesive coating on 
one surface. Circuit elements, generally indicated at 200, are placed on top of container 1 98. 
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Circuit elements can include a battery 202, and a resistor 204. The battery 202 and resistor 
204 are connected at junction 206 through aperture 208 to electrode 193. Battery 202 is 
connected at junction 209 to electrode 194 through aperture 210 in chamber 196. Resistor 
204 has terminal 212 disposed through port 2 1 3 in chamber 1 96, but away from contact with 
electrode 194. An electrical circuit is formed between terminals 209 and 212 only after 
introduction of an electrolyte to chamber 1 96. The electrolyte effectively acts as a switch in- 
circuit with the battery 202 and resistor 204. A protective top cover 222 desirably is placed 
over the components 200 to provide a pleasing appearance. 

[0062] While the invention has been described in particular with reference to certain 
illustrated embodiments, such is not intended to limit the scope of the invention. The present 
invention may be embodied in other specific forms without departing from its spirit or 
essential characteristics. The described embodiments are to be considered in all respects only 
as illustrative and not restrictive. The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. All changes which come within 
the meaning and range of equivalency of the claims are to be embraced within their scope. 
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